To estimate the extent of non-adherence to antihypertensive drugs in type 2 diabetes. Study Design: Observational. Place and Duration of Study: The study was conducted at three Belgian specialised diabetes centres during two months. Methodology: Included were adult type 2 diabetes patients, treated with insulin and either ACE-inhibitors or sartans. Adherence was assessed electronically with the Medication Event Monitoring System. A standardised blood pressure measurement was taken at the study start and end. Results: Mean age of the 130 included patients was 65 and 51% was male. Mean HbA1c was 7.5mg% (59mmol/mol), mean BMI 32kg/m2 and mean daily oral pill burden 8. Half of the patients showed perfect adherence and another fourth missed the prescribed dose on only 1 of 56 days. Mean baseline blood pressure was 143/77mmHg and 25% had controlled blood pressure (<130/<80mmHg). Higher hypertension 4628 knowledge was associated with adherence and higher daily doses of insulin with nonadherence. Adherence correlated positively to diastolic, but not systolic blood pressure. Of patients never missing a dose 78% reached controlled diastolic blood pressure compared to 68% of patients missing doses on ≥3 days. Conclusion: Adherence to antihypertensive medications was high in this cohort followed up at specialised diabetes centres. Still, about 15-20% had suboptimal adherence and should receive adherence enhancing support, especially since high adherence seems necessary to obtain blood pressure control.
INTRODUCTION
In type 2 diabetes blood pressure is as crucial as glycaemia control [1] [2] [3] . Hypertension in diabetes is common and associated with insulin resistance and vascular complications [1] . Type 2 diabetes patients are at a threefold higher risk of coronary artery and peripheral arterial disease and most deaths among them are attributable to cardiovascular disease [4] . Belgian type 2 diabetes patients who are prescribed at least two insulin injections per day are treated at specialised diabetes clinics, called convention centres, where they benefit of an intensive educational and follow-up programme by a multidisciplinary team [5] . In order to further optimise diabetes management they receive free blood glucose monitoring materials. The convention centres collaborate closely with the general practitioners. The general practitioners follow up hypertension treatment on a regular basis (e.g. medication prescription) and the convention centres follow up the general treatment once or twice a year (e.g. insulin dose).
Although antihypertensive medications are available, few type 2 diabetes patients reach blood pressure control. In general, only about 50% have a blood pressure ≤140/90mmHg [2, 6, 7] while the threshold for controlled blood pressure in diabetes is even set at 130/80mmHg [1] . Non-adherence to antihypertensive treatment is often pointed to as the responsible factor and is reported to be ubiquitous in chronic illnesses. The World Health Organization reports a prevalence of 50% [8] . DiMatteo estimates the rate at 25% [9] . Among patients with hypertension non-adherence has a prevalence of 50% [10, 11] . Whether medication non-adherence exists in all patients and to all types of medications is not fully known.
In type 2 diabetes the problem of non-adherence has been established in many treatment aspects [12] [13] [14] [15] . Research on non-adherence to antihypertensive treatment is, however, scarce. In the few studies addressing the topic, the adherence measure is based on prescription refill data or self-report [16, 17] which are not the most reliable methods [18] . Self-report is a subjective adherence measure and in prescription refill measures there is no guarantee that dispensed medication is actually taken and a certain time delay exists between the actual filling of prescriptions and the consequent generation of adherence data [18] .
The aim of the present study is 1) to estimate the extent of non-adherence to antihypertensive drugs in type 2 diabetes, measured electronically with the Medication Event Monitoring System (MEMS ®) and 2) to identify potential determinants.
MATERIALS AND METHODS

Study Design
An observational cohort study was performed, measuring adherence to antihypertensive medications during two months. Patients, study personnel and caregivers remained blind for the adherence outcome. The diabetologists and diabetes educators of three Belgian, specialised diabetes convention centres recruited patients during three months. Eligible persons received a standard brochure with information about the study and were invited to return on one of the three starting dates, bringing their antihypertensive medications with them.
On the first study visit, participants signed the informed consent form and brought their antihypertensive medications for the next two months which were placed in a drug container. Drug containers were capped with a MEMS that records date and time of each opening of the package. Patients filled out the study questionnaires and had their blood pressure taken. At the second study visit, the study nurse read the dosing history data from the MEMS cap into computer and remeasured patients' blood pressure.
Study Population
Approval was obtained from the Ethics Committee of the Antwerp University Hospital (B300201111744). All patients at the participating diabetes centres were screened by study nurses between November 2011 and February 2012. Eligible were 1) adult (aged ≥18), 2) type 2 diabetes patients, 3) treated with insulin, incretin hormone mimetics or analogues and 4) prescribed ACE-inhibitors or sartans. The exclusion criteria comprised 1) not self-administering medication care, 2) not speaking Dutch, 3) cognitive impairment, 4) nursing home residents or 5) diabetes treatment with pump therapy.
Data Collection
The baseline questionnaires surveyed 1) patients' demographics, 2) attitudes towards the antihypertensive treatment (perception of adverse events, belief in benefit and self-reported adherence), 3) knowledge, 4) social support and 5) health and quality of life (SF-36) [19] . Knowledge was assessed by a ten-item multiple-choice test on blood pressure, hypertension and antihypertensive treatment. The social support percentage was based on eleven questions assessing perceived support in diabetes in general and support with taking antihypertensive medications specifically. Medical and pharmacological data was gathered from patients' charts.
Primary outcome variable was adherence to ACE-inhibitors or sartans, derived from the MEMS (Fig. 1 [20] ). Drug containers were filled with patients' ACE-inhibitors or sartans capped with MEMS. Patients were instructed to take them only and directly from the container at the time of intake and to open it only for an intake. The microchip in the MEMS cap registered date and time of each opening-and presumed intake. The dosing history data were read from the MEMS and centralised through a secured server.
Fig. 1. Medication event monitoring system (MEMS ®) [20]
The secondary outcome, blood pressure, was measured in a standardised way. After a 5 minutes rest, three consecutive blood pressure measurements were taken at 15 seconds intervals. An automatic blood pressure monitor was placed at the right upper arm in a sitting position with the arm resting on a desk at heart level [21] . The three blood pressure measurements were averaged and dichotomised with blood pressure control defined as <130/<80mmHg [1].
Data Analysis
Data was analysed using IBM SPSS Statistics 20®. The adherence data was corrected for medication changes and hospitalisation periods (excluded). Adherence was calculated by dividing the number of doses taken by the number of prescribed doses, averaged per week. Adherence was also dichotomised with being adherent defined as having missed prescribed dose(s) on no more than 3 out of the 56 days observed.
Differences between adherent and non-adherent patients were identified using independent samples t-tests and chi-square tests for continuous and categorical variables, respectively. Pearson's correlations were applied to calculate correlations between continuous variables. Differences and correlations were judged statistically significant when P-value ≤0.05. Odd's ratios of influencing factors of non-adherence were calculated by logistic regression, building a multivariate model to identify the factors explaining the variance in adherence, with the significance of the odd's ratios judged by the 95% CI.
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( Fig. 2) shows the patient flow. During the recruitment period, 1853 diabetes patients attended an appointment. The inclusion criteria were met by 665 patients, 118 of whom were
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( Fig. 2) shows the patient flow. During the recruitment period, 1853 diabetes patients attended an appointment. The inclusion criteria were met by 665 patients, 118 of whom were excluded, yielding a total of 547 eligible patients. Of those, 137 showed interest in the study and returned to the first study visit. Five patients withdrew immediately after enrolment and two were excluded from the analyses because they continued to lay out their medications in advance, invalidating their MEMS adherence data. Thus, 130 patients were included in the analyses. With the exception of one patient with ACE-inhibitor treatment discontinuation in week 6, there were no dropouts.
Fig. 2. Patient flow
The characteristics of the study subjects are listed in (Table 1) . Mean age was 65 years and about half of the population was male. Most lived with their partner and were retired. Mean H b A1c was 7.5% (59mmol/mol) and mean BMI 31.9kg/m 2 . Most patients had a diabetes complication, 28% had retinal and 25% renal damage. Over half of the patients indicated to exercise seldom or never. Mean SF-36 scores were 50% (mental) and 43% (physical). The average score on the hypertension knowledge test was 59%. Total mean daily pill burden amounted to 8 and 15% of the population used antidepressants. Mental score in % (mean(range)) 50 (14-72) Physical score in % (mean(range)) 43 (12-60) Knowledge of hypertension (mean%(SD)) 59 (25) Regarding the antihypertensive treatment 61% of the population took ACE-inhibitors and 39% sartans. The vast majority had a once a day regimen, about one fourth reported adverse events and most patients (85%) believed in the effectiveness of the ACE-inhibitors or sartans. Additional antihypertensive medications, mostly beta-blockers, calciumantagonists and/or diuretics, were prescribed to 67% of patients.
Adherence to Antihypertensive Medications
( Fig. 3a) visualises the mean percentage of prescribed doses taken per week by all patients over two months. (Fig. 3b) shows boxplots of the mean adherence percentages per week.
As the percentiles and whiskers all coincide in 100% we added the proportion of patients with perfect adherence (100% prescribed doses taken) per week. Although the majority of patients never missed a single dose, the outliers indicate that every week 15 to 20% of the patients showed suboptimal adherence and were at risk of a lack of the ACE-inhibitors or sartans efficacy.
Fig. 3a. Mean percentage of adherence (prescribed doses taken) to ACE-inhibitors or sartans over two months
Fig. 3b. Boxplots per week of the percentage of prescribed ACE-inhibitor or sartan doses taken, with indication of the proportion of patients with perfect adherence (100% prescribed doses taken)
Over the eight weeks (56 days) period, nearly half of the patients (48%) never missed a single dose. One fourth (24%) missed the prescribed dose on 1 of the observed 56 days. Eight per cent missed 2 days of prescribed intake. The remaining 20% had 3 or more days on which the prescribed dose was not taken. The maximum number of days with a missed prescribed dose was nine.
Blood Pressure
At study visit 1 mean blood pressure of the included patients was 143/77mmHg. One in five patients reached combined controlled systolic and diastolic blood pressure (<130/<80mmHg); 25% had a controlled systolic and 62% a controlled diastolic blood pressure.
At study visit 2 after 2 months patients' mean blood pressure was 137/74mmHg and 31% had a combined controlled systolic and diastolic blood pressure; 35% had a controlled systolic and 71% a controlled diastolic blood pressure. The differences of -4mmHg in mean systolic and of -3mmHg in diastolic blood pressure between study visit 1 and 2 were significant (P=.006 and P=.002, respectively).
Association between Adherence and Blood Pressure
No correlation was found between systolic blood pressure and adherence (P=.42). The correlation between diastolic blood pressure and adherence was significant but weak (r=0.068; P=.03; y=-0.075x+81). (Fig. 4) shows the proportion of patients with controlled diastolic blood pressure (<80mmHg at the second study visit after 2 months) per number of days with a missed dose (over the 2 months observation period). Of patients with perfect adherence (never having missed a single dose) 78% reached controlled diastolic blood pressure. Of patients having missed 3 or more days 64% had controlled diastolic blood pressure.
Fig. 4. Proportion of patients with controlled diastolic blood pressure (measured after 2 months) per number of days with a missed dose (over the 2 months observation period)
Association between Self-reported and Electronically Measured Adherence
Of the 130 patients 100 reported never to miss a single dose. In 47 of those 100 patients that reported perfect adherence the MEMS data showed a mean adherence percentage <100% (Kappa=0.124; P=.09). The correlation of r=0.231 between self-reported adherence (always, mostly or mostly not) and mean adherence according to MEMS was significant (P=.009). Patients self-reporting perfect adherence had 4.7 times the odds of missing no more than three day doses in the two months period (95% CI 1.227-10.317). (Table 2) lists the influences of the studied variables on non-adherence (defined as having missed an intake on more than 3 of the 56 days observed). Sex and social support in diabetes proved to differ significantly between adherent and non-adherent patients. Only female sex-enhancing the odds of adherence-remained a significant determinant in the univariate analysis, yet not in the multivariate model. A once a day regimen (prescribed to 94% of the population) was a predictor of adherence in the model. Of the health characteristics, higher hypertension knowledge increased the likelihood of adherence.
Determinants of Non-adherence to ACE-inhibitors or Sartans
Higher daily doses of insulin and higher numbers of hospitalisations in the year preceding inclusion both decreased the odds of adherence.
In the multivariate model, three factors were retained: a once a day regimen, higher daily dose of insulin and hypertension knowledge. All three of them explained a fourth of the variance in adherence (Nagelkerke r 2 =0.25). The odd's ratio of a once a day antihypertensive regimen did, however, have a relatively wide confidence interval with most patients having a once a day prescription.
Discussion
Main findings
Our study is among the first to find high adherence prevalences. Half of the patients never missed a single dose and another 24% only missed a dose on 1/56 observation days. Nonetheless, every week about 15 to 20% of patients showed suboptimal adherence. Further, we found high prevalences of uncontrolled blood pressure. We found an association between adherence to antihypertensive medications and diastolic, but not to systolic blood pressure. Of patients never missing a dose 78% reached controlled diastolic blood pressure compared to 68% of patients missing doses on ≥3 days.
Higher hypertension knowledge enhanced the likelihood of adherence, whereas a higher daily dose of insulin decreased the odds.
Prevalence of non-adherence
We found quite a high adherence prevalence. The reason might be that the patients were recruited at specialised convention centres where high-risk diabetes patients are closely followed up [5, 22] . Further, Belgian diabetes patients are followed up also in the primary care setting. General practitioners are responsible for blood pressure regulation on a regular basis and every (half) year patients return to the outpatient convention centre led by diabetes educators and diabetologists. Diabetes care is also quite self-managing oriented, which might also lead to self-control of concomitant treatments, such as the antihypertensive. Especially patients followed up at convention centres might be more aware of their condition and its progression and thus be motivated to control both condition and comorbidities like hypertension. Further, the predominant regimen of ACE-inhibitors and sartans in general, and in this study was quaque die, which has proven to contribute to adherence [23] [24] [25] . The relatively low response rate might also have contributed to the high adherence figures. Originally, this study was set up as a one year randomised controlled trial, asking patients to return bi-monthly to the diabetes centre. The purpose was to randomise patients and test a nurse-led adherence enhancing intervention after the two-month observational baseline period (on which we reported here). Still, only 20% of the patients had a controlled blood pressure and still all of them agreed to participate in the study. Also, in many other studies the same recruitment method was applied with often low response rates and still high prevalences of non-adherence reported [26] . A follow-up study started fall 2012, applying similar methods, but with a consecutive sample to decrease selection bias to concur the findings of this study.
Factors associated with non-adherence
The once a day regimen was retained as a factor increasing the odds of adherence in both our uni-and multivariate analyses but 94% of patients were on this regimen. Other factors retained were, not surprisingly, higher hypertension knowledge, corroborating existing literature [27] [28] [29] [30] . We also found higher daily doses of insulin decreasing the odds of adherence, which might indicate that patients experiencing difficulties adhering to their diets and insulin treatment are also more likely not to adhere to their medication treatment. However, similar correlations were not found in other health-related habits such as BMI, physical exercise or smoking.
Adherence measurement
Our adherence measurement was restricted to the proportion of prescribed drugs taken (intake adherence), recently called the implementation of drug prescription [31] . We did not measure other adherence components, such as initiation (taking the first prescribed dose) or the number of doses taken on time. First, our aim was specifically to assess the implementation of drug prescriptions and as patients are encouraged by their caregivers to link the intake to daily habits such as breakfast, the intake might fluctuate in time. Second, most anti hypertensives have a forgiveness with substantially differing capacity depending on their pharmacokinetic (from six hours for Atenolol to a couple of days for Aiskiren). For these reasons timing adherence was not worth to be further explored here, unlike in case of HIV-medications for instance, where timing adherence is as crucial as taking adherence [32] .
Blood pressure control
In line with previous studies, we found that few diabetes patients achieve blood pressure control [2, 6, 7] . Compared to the first visit, patients did show significantly better blood pressure outcomes at the second study visit, probably attributable to a white coat effect. As established in previous research especially systolic blood pressure control was problematic [33, 34] , with only 25% achieving it. Systolic blood pressure control proves especially challenging in middle-age and older patients, in whose case it is associated with increased arterial stiffness that appears less amenable to current therapies [35] . Although diastolic blood pressure was historically thought to be the strongest predictor of cardiovascular events, systolic blood pressure confers a greater risk and should be the primary (and to some even the only) focus of therapy [36, 37] . Still, today, treatment guidelines lay the emphasis on both. Alternatively, the cut-off value of <80mmHg for controlled diastolic blood pressure might be questioned but even when raising the threshold to <90mmHg, half of the patients did not reach systolic pressure control (not reported in the result section).
In the same line, we found that higher adherence to ACE-inhibitors or sartans was associated with diastolic, but not with systolic blood pressure. Of patients never missing a dose 78% reached controlled diastolic blood pressure compared to 68% of patients missing doses on ≥3 days. Improving adherence shows to be an important factor in achieving diastolic blood pressure control and should be a priority in the care for (diabetes) patients suffering from hypertension.
CONCLUSION
Adherence to ACE-inhibitors or sartans was high in this cohort of type 2 diabetes patients at specialised convention centres. Although the majority had good adherence, about 15 to 20% of the patients showed suboptimal adherence and should be supported to improve their medication intake, especially since high adherence seems necessary to obtain blood pressure control. Health care workers should focus on intake behaviour and inform patients about the consequences of-even occasionally-missing a dose. Even in our population showing (nearly) perfect adherence, (too) many diabetes patients had an uncontrolled blood pressure. The reason why high adherence is not translated into controlled blood pressure is to be further explored.
